An experiment was conducted in pots under greenhouse conditions to study the effects of Vanadium (V) on dry matter and on V, Ca, K, Mg, P, Fe, Mn, Ni, Pd, and Zn concentration in leaves, stems and roots of pennyroyal , respectively. The vanadium concentration in the leaves was always much lower than in roots and stems indicating that V accumulated mainly in roots and stems and only small quantities were transferred to the leaves. The results indicated that the Ca, K, Mn, and Zn concentrations in the roots were not affected by V additions. A reduction of Ca, K, Mg, and Mn concentration was observed in leaves at high V application rates.
Introduction
Vanadium is a transition metal and is widely distributed in the earth's crust with an average concentration of 110 mg kg -1 (Peterson and Girling 1981) . The concentration of vanadium in soil depends upon the parent material as well as on the industrial pollution (Who et al., 1987) . The fate of vanadium in soils depends on iron and aluminum (hydr)oxides that determines vanadium mobility in soils and waters (Naeem et al., 2007; Wallstedt et al., 2010) The evidence that V is essential for the growth of higher plants is, however, not yet conclusively demonstrated. It does not meet the criteria of essentiality which set by Arnon and Wessel (1953) . Toxicity of vanadium to plants has mainly been studied in nutrient solutions and starts from between 1 mg V L -1 and 5 mg V L -1 for the most sensitive species (Kaplan et al., 1990) . Vanadium is toxic to humans at high V concentrations and can cause irritation of the respiratory tract, although it has not been possible to determine the level of exposure that provokes such effects (Costigan et al., 2001) . Several medicinal plants manifest a tendency to take up higher amounts of heavy metals than other plants (Sharma et al., (2011) .
Aims and objectives
Pennyroyal is a herb and up till now we have few information on the response of increasing concentration of vanadium in the soil. The objectives of this research were to examine the effect of V on dry matter and V concentration in the plant parts of pennyroyal as well as on the concentration of some metals (Ca, K, Mg, P, Fe, Mn, Ni, Pd, and Zn) .
Materials and methods
Pot experiments were conducted under greenhouse conditions to study the effect of different V applications in pennyroyal. Seedlings growth in individual pots with a substrate consisting of 50% peat and 50% perlite by volume (1:1), with pH 5.6, organic matter content 90%-95% and Electrical Conductivity 0.3 S/m. A completely randomized block were design with five V treatments (0, 5, 10, 20, 40 mg L -1 ) and six replications per treatment was laid out. Vanadium was applied as ammonium metavanadate (NH 4 VO 3 ) (total 500 mL per pot of each treatment for the whole cultivation period). At the end of the experiment, leaves, stems and roots were harvested and were oven-dried at 50°C to constant weight, ground in a stainless steel Wiley mill and passed through a 250 μm plastic sieve. 0.5 g of plant parts smaller than 250 μm in diameter from each pot were placed in beakers and ashed at 450°C. The residue was dissolved in 5 ml of 6N HCl (Miller RO, 1998 ). The clear solutions were analyzed by ICP-OES (Thermo Scientific iCAP 6000). The influence of V application on dry matter and V, Ca, K, Mg, P, Fe, Mn, Ni, Pd, and Zn concentration in the plant parts of pennyroyal was evaluated by analysis of variance (ANOVA). Where a significant difference was found, the Duncan's Multiple Range Test at the 5% level of probability was used to compare individual treatment means.
Results and Discussion
No visible toxic symptoms or inhibitory effects were observed in the plants due to increasing applications of V during the experiment. Leaves, stems and root dry matter increased with increasing rates of V (Tab. 1, 2, 3). The V concentration in the leaves of the control ranged from 0.31 to 3.08 mg kg -1 dry weight (DW) and did not differ significantly from that in the treatments with 5, 10, 20 mg L -1 V. However, the plants that received 40 mg L -1 V showed significantly higher concentrations of this metal in the leaves ( Table  1 ). The Mn, Ca, K, and Mg content of the leaves decreased with increasing rates of V, but Pb and Zn content were not affected. Vanadium concentrations in the stems of the control ranged from 0.35 to 8.93 mg kg-1 (DW) and increased significantly with increasing rates of V (Tab. 2). Zn, Pb, and Ca concentrations in the stems decreased significantly with increasing rates of V, in opposite Mn, Mg and K were not affected by V.
Vanadium concentrations in the roots of the control ranged from 0.49 to 26.0 mg kg -1 (DW) and increased significantly with increasing rates of V (Tab. 3).
We wish to emphasize that the plants grown in pots with 40 mg L -1 V accumulated 53 times more V in the roots than those in the control vanadium. Saco et al. (2013) found that the leaf content of V in Phaseolus vulgaris was always much lower than in the roots. The observation that V accumulated in great amounts in the roots supports the existence of a mechanism that favors V retention by the roots, but this has not been identified to date. Peterson and Girling (1981) , reported that V precipitated in the roots as calcium vanadate, whereas Morrell et al. (1986) concluded that V accumulated due to the reduction of vanadate (V) to vanadyl (IV) during root uptake, which decreased further translocation within the plant. However, Kaplan et al. (1990) considered that V accumulated as a result of the formation of complexes with organic compounds, such as organic acids and amino acids. Immobilization of V in the roots is presumed to be the primary mechanism by which plants tolerate large quantities of V in the soil. The iron concentration in leaves and stems decreased significantly with increasing rates of V, in opposite Fe concentration in roots increased with increasing rates of vanadium. Kaplan et al. (1990) reported that the Fe content in the aerial plant parts of beans increased with increasing rates of V. Mn, Zn, Ca, and K concentration in roots of pennyroyal were not affected by V additions, but Pb and Mg content decreased with increasing rates of V.
Conclusion
Our study indicates that V accumulated mainly in the roots and secondarily in the stems in pennyroyal. Iron (Fe) concentrations follows the same pattern as V. 
